Background: The neutrophil to lymphocyte ratio (NL ratio) has been reported to be a predictive biomarker of tuberculosis (TB). We assessed the association between the NL ratio and the incidence of active TB cases within 1 year after TB screening among HIV-infected individuals in Thailand.
Background
Tuberculosis (TB) is a major global diseases burden; in 2017, tuberculosis caused the highest number of unnecessary deaths from infectious diseases worldwide. Notably, individuals infected with human immunodeficiency virus (HIV) have a significantly higher risk of TB morbidity and mortality rates relative to HIV-uninfected individuals [1] .
Thailand has a high burden of TB and HIV-TB co-infection. In 2016, HIV-infected individuals comprised 4764 (8%) of 68,040 total new and relapse TB cases, and 3900 HIV-associated TB deaths were reported in that year [1] . A previous study reported that half of all deaths occurring within 2 months of commencing TB treatment occurred among HIV-TB co-infected individuals due to difficulty in and delayed TB diagnosis [2] . Early detection of TB and preventive therapy is essential to reduce the morbidity and mortality from TB in HIV-infected individuals.
The World Health Organization (WHO) recommends TB screening for HIV-infected individuals to rule out active TB diseases before the initiation of preventive therapy [3, 4] . However, excluding active TB and early TB diagnosis using clinical symptoms and diagnostic tests remains challenging in HIV-infected individuals. The sensitivity of sputum microscopy ranges from 24 to 61% in HIV-infected individuals [5] . Further, uncommon clinical presentation [6, 7] and atypical chest X-ray presentation [8] in HIV patients makes TB diagnosis difficult. Although GeneXpert MTB/RIF assay was recommended as an initial diagnostic test in the WHO guideline, access to GeneXpert MTB/RIF is restricted and long-term sustainability without donor support is uncertain in resource-limited countries.
Recent studies have suggested that the neutrophil-tolymphocyte ratio (NL ratio) has been associated with the severity or prognosis of several infectious diseases, such as community acquired pneumonia [9] and bacteremia [10, 11] . Moreover, a recent report from China indicated that high NL ratio in peripheral blood could predict the risk of pulmonary TB retreatment [12] . The NL ratio cannot be used as a specific marker to distinguish pulmonary TB from the other respiratory diseases. However, it could be an appropriate risk assessment tool and increase the accuracy of TB screening in resource-limited settings, as it is readily available from the routine hematological laboratory assessment at the point of entry to HIV care. We hypothesized that NL ratio was associated with the risk of TB infection among HIV-infected people. We aimed to investigate an association between NL ratio at TB screening and the incidence of active TB cases within 1 year after TB screening among HIV-infected adults in Thailand.
Methods

Study settings
In Thailand, day care centers (DCC) for HIV-infected individuals were established at the district hospitals in 1995 to support HIV treatment according to the national HIV/AIDS clinical guideline [13] . These centers provide social and psychological care [14] . Mae Chan hospital is a one of the large district hospitals in Chiang Rai province, which is located in the northernmost region of Thailand. In this hospital, the DCC works closely with the HIV and TB clinic to provide medical services. HIVinfected individuals are routinely introduced to the DCC at the hospital and are screened for TB based on clinical history, chest radiography, and sputum smear microscopic examination for acid fast bacilli (AFB) by trained laboratory technicians from the TB clinic. Culture and drug susceptibility testing is primarily performed in patients with positive sputum smear results after the samples are transferred to the microbiology laboratory at Chiang Rai hospital. In Chiang Rai province, isoniazid preventive therapy (IPT), as recommended in the national guideline, has been provided since 2001 to HIVinfected individuals who have positive tuberculin skin test (TST) results. However, only 9% of HIV-infected individuals received the IPT during this study period, because the initiation of IPT prophylaxis was dependent on the accessibility of isoniazid for preventive therapy in the hospitals and based on the decision of physicians.
Study participants
Patients eligible for this prospective cohort study were HIV-infected individuals older than 18 years of age who had not previously received TB treatment and were registered at the DCC between 2002 and 2015. Patients who started IPT before the registration at the DCC and who started IPT after DCC registration were excluded from this analysis to avoid the intervention effect. Patients registered at the DCC received their TB screening at their first visit to the DCC. People who were diagnosed with active TB and were prescribed anti-TB treatment at the first TB screening were excluded from the analysis.
Data collection
Baseline TB screening data were collected by trained research nurses at the DCC. A questionnaire was used to collect demographic information (age, sex, and ethnicity), recent TB symptoms, current and prior anti-retroviral treatment (ART), and TB treatment history (Additional file 1). Recent TB symptoms included: cough, night sweats, fever, weight loss, and hemoptysis within the last 4 weeks. All patients received 3-day sputum smear tests for AFB, chest X-ray, and blood laboratory tests at the hospital. When a sputum AFB smear result was positive, or if it was negative but from a patients with a high suspicion of TB, sputum samples were processed for Mycobacterium tuberculosis culture tests after being transferred to the microbiology laboratory in Chiang Rai hospital. The blood laboratory tests included CD4 cell counts, white blood cell counts, and differential counts. NL ratio was calculated from the absolute neutrophil counts divided by the absolute lymphocyte counts. Chest X-rays were interpreted for abnormal signs such as infiltrate, cavity, and pleural effusion by physicians who treated TB patients. TST was also performed during TB screening to identify latent TB infection. The skin test reaction was read 48-72 h after administration. A diameter of 5 or more millimeters in the indurated area was considered positive for latent TB infection [15] . The provincial-wide TB registry database was used to ascertain and validate the TB diagnosis and the treatment outcome, including mortality data. The provincial-wide TB registry database is a reporting system for TB, which records socio-demographic information, medication, treatment outcome, and laboratory examinations for all TB patients diagnosed in the TB clinic and the public hospital. TB cases were diagnosed based on clinical symptoms; and smear AFB results and TB culture results used for TB diagnosis could not be accessed during the follow-up.
Definition of TB screening positive and development TB during follow-up TB screening positive was defined by the initiation of TB treatment within 7 days after TB screening with AFB sputum positivity or positive M. tuberculosis culture at TB screening. Even if sputum AFB smear was negative within 7 days after TB screening, individuals diagnosed with TB by a physician and who started TB treatment based on clinical symptoms and/or chest X-ray results and/or culture positive results were defined as TB screening positive. The outcome of this analysis was the incidence of TB cases within 1 year of the first TB screening, after excluding TB screening positive cases. "New TB cases" was defined as TB patients who were registered in the provincial-wide TB registry system. The end of follow-up was the date of TB diagnosis, date of death, or 1 year after the first TB screening.
Statistical analysis
Baseline characteristics at the first TB screening were summarized as median and interquartile range (IQR) for continuous variables and as frequency for categorical variables. Comparisons between positive TB screening and negative TB screening groups were tested using the chi-square test or Wilcoxon rank-sum test for categorical and continuous variables, respectively.
Univariate Cox-proportional hazards models were used to estimate the relationship between potential predictive variables and time-to-event outcome among individuals who screened negative for TB. The multivariate Cox proportional hazards model for the risk of TB diagnosis (including the variables (age, sex, ethnicity, year of DCC registration, ART status, TB symptoms, TST results, and chest X-ray results) assessed the effect of the NL ratio on the incidence of TB. Cubic-spline curves were used to assess possible nonlinear relationships between NL ratio and the outcome, and to determine the threshold of the NL ratio. The analysis was conducted using multivariate-adjusted cox-regression models and used 5 knots. The threshold level of NL ratio was identified on the cubic spline curve, which showed a statistically significant effect on TB development (adjusted hazard ratio > 1). The NL ratio threshold was used to categorize NL ratio into low or high. The effects of the categorized NL ratio (based on the threshold level) were analyzed in sub-groups (normal chest X-ray, TB symptoms and each CD4 count category). To determine the effect of NL ratio combined with TB symptoms and chest X-ray at the TB screening, we categorized participants into four groups (no-TB symptoms and normal chest X-ray, TB symptoms and normal chest X-ray, no-TB symptoms and abnormal chest X ray, and TB symptoms and abnormal chest X-ray) and assessed the effect of NL ratio on TB development. P-values were calculated using the likelihood ratio test. The threshold of statistical significance was a P-value of < 0.05. All analyses were conducted using STATA 14.0 (STATA Corp., College Station, Texas, USA).
Results
Baseline characteristics
A total of 1118 HIV-infected individuals (median age 35 years; 46.4% male) underwent TB screening with at least 3 sputum assays at the DCC between 2002 and 2015. Fifty-four patients diagnosed with active TB and who started TB medication were excluded from the subsequent analysis, based on the detection of at least 1 AFB positive smear (N = 8, 14.8%), TB culture positive (N = 40, 74.1%), or clinical symptoms highly suspected to be TB (N = 41, 75.9%). Patients that were TST positive, had abnormal chest X-rays, or reported TB symptoms were strongly associated with active TB compared to patients who were TB screening negative (Table 1) . Baseline median NL ratio (median 3.27; IQR: 1.99-5.41) in active TB at the first TB screening were significantly higher than that in patients who were TB screening negative (median NL ratio 1.66; IQR: 1.14-2.54; p < 0.001).
New TB cases after TB screening
Of 1064 individuals who were TB screening negative (916.23 person-years follow-up), 5.6% (n = 60) of patients developed TB (incidence rate: 65.5 per 1000 person-year, 95% CI: 50.9-84.3) and 78.3% (n = 47) of them were diagnosed within 6 months after the first TB screening (Fig. 1) . Among the 60 patients who were diagnosed with TB after the first TB screening, 26 died within 6 months of TB diagnosis (median 31 days, IQR: 10-68 days). After adjusting for age, sex, ethnicity, year of registration, CD4 counts, TB symptoms, abnormal chest x-ray, TST results and NL ratio, low CD4 counts (< 200/mm 3 ), positive TST, TB symptoms and male sex were found to increase the risk of TB development. TST positive patients had a 3.5-fold higher risk of becoming a new TB case. However, the proportion of TST positive patients attributable to TB cases was only 10.1%. A total of 330 (31.0%) patients commenced ART before TB diagnosis, while 123 (11.6%) patients started ART after or at the time of TB diagnosis. After adjusting for age, sex, ethnicity, year of DCC registration, CD4 counts, ART, TST results, chest X-ray and TB symptoms (Table 2) , each unit difference of NL ratio corresponded to a 1.06-fold higher risk of TB development. Multivariable-adjusted restricted cubic spline analysis (Fig. 2) suggested that the aHR of TB diagnosis gradually increased corresponding to increasing NL ratio. NL ratio above 2 was the threshold level for a significant effect on TB development.
NL ratio
Categorized NL ratios (high: NL ratio > 2 and low: NL ratio ≦2) were analyzed to examine whether the NL ratio was associated with outcomes in different conditions (TB symptoms, chest X-ray and CD4 count categories) (Fig. 1) . A high NL ratio corresponded to a 2.2-folds higher risk of progression to active TB compared to low NL ratio among all HIV-infected individuals with negative TB screening. Even among the normal chest X-ray group, high NL ratio was a high risk for active TB. Moreover, among the normal chest X-ray group, combined TB symptoms with a high NL ratio could predict a 2.5-times higher risk of TB development compared to a low NL ratio combined with TB symptoms. When stratified by CD4 counts, the association between high NL ratio and TB disease was stronger among the lowest CD4 count group (CD4 counts < 50/mm 3 ) compared to the group with higher CD4 counts (≧50/mm 3 ), (Table 3) .
Discussion
In this Thai cohort study, 5.6% of HIV-infected individuals without TB at the first TB screening were diagnosed with TB within 1 year. Approximately half of these patients died after TB diagnosis and treatment. A high NL ratio was observed in HIV-infected individuals who were TB screening positive at the first TB screening. As NL ratio is an inflammatory marker associated with other infectious diseases, cancers and cardiovascular diseases [10, 16, 17] , this ratio is not a TB-specific biomarker. Nevertheless, our results showed that NL ratio combined with TB symptoms could predict the risk of new TB cases even if HIV-infected individuals had a normal chest X-ray findings and AFB smear negative results. The association between NL ratio and TB has been suggested in previous studies. Yin et al. reported that high NL ratio (cutoff value ≧2.53) at pretreatment was associated with a 2.41-times higher odds of TB retreatment (adjusted odds ratio = 2.409, 95% CI: 1.212-4.788) [12] . A study from sub-Saharan Africa by Sutherland et al. demonstrated that the granulocyte/lymphocyte ratio improved the sensitivity of diagnosis from 67 to 93% with the correct classification into TB and latent TB, based on a comparison of using the proportions of Fig. 1 Flowchart of study participants and clarification of subgroups in day care center of Mae Chan hospital, Chiang Rai, Thailand. 1. AFB: 3-day sputum acid-fast bacilli results, 2. TB symptoms include cough, night sweats, fever, weight loss, and hemoptysis within 4 weeks. "TB symptoms (-)" refers to no TB symptoms and "TB symptoms (+)" refers to individuals with at least one TB symptoms. 3. "Chest X ray (-)" means normal chest Xray. "Chest X-ray (+)" means that the chest X-ray showed some abnormal findings. 4. High NL ratio (neutrophil-to-lymphocyte ratio > 2), 5. Low NL ratio (neutrophil-to-lymphocyte ratio ≦2) granulocytes alone [18] . Our findings supported these results and provided new perspectives, especially in HIV patients. Another study, conducted in Korea, suggested that NL ratio had high sensitivity and specificity for differentiating between pulmonary TB and bacterial community-acquired pneumonia [19] . High NL ratio (> 7) was suggested to be the optimal cut-off point to discriminate TB patients from cases of community acquired pneumonia. This study suggested that the threshold level of NL ratio > 2 cannot be used a specific marker to differentiate TB from the other respiratory infectious diseases. Additional research may be needed to assess the optimal cut-off point for differentiating between pulmonary TB and other respiratory infectious diseases at TB screening among HIV-infected individuals.
A high NL ratio represents elevated neutrophils and/or decreased lymphocytes. In the early phase of M. tuberculosis infection, neutrophils are the predominant infected white blood cell, with involvement of granuloma formation [20] or pulmonary destruction [21] . High neutrophil counts are correlated with high mortality [22] , sputum M. tuberculosis positivity [23] , and delay in smear negative conversion [24] . Furthermore, lymphocytes, especially T-lymphocyte subsets, are important immune cells against TB infections. Lymphocyte counts are negatively correlated with clinical TB severity [21, 25] . Several studies have demonstrated that the percentage of peripheral blood T-cell subsets (CD4+ and CD8+) in active TB patients were significantly decreased compared to healthy controls, with reduced numbers of total and central memory CD4 + T cells [26] . In addition to the specific roles of neutrophils and lymphocytes, the interaction between these cells plays an important role in the innate and adaptive immunity response to M. tuberculosis. Several studies have suggested that neutrophils suppress mycobacterial-specific T cell activation [27, 28] . Further studies are required to clarify how the NL ratio relates to the mechanism of TB development; for example, whether NL ratio increases as a result of TB infection or whether it can be used to identify HIV-infected individuals who are at a high risk for progressing to active TB. Monocyte counts and monocyte-to-lymphocyte ratio (ML ratio) were also reported as a marker of TB development in previous studies [29] [30] [31] . Our study showed that monocyte counts have no association with TB cases at the initial screening. The counts and ML ratio may vary depend on the TB stages, severity of diseases, and background of the population. HIV-infected individuals are at increased risk of death, especially in countries with high prevalence of TB and HIV, due to delay in initiation of TB treatment, immunosuppression, and lack of laboratory confirmation Fig. 2 Multiple-adjusted hazard ratio and 95% confidence intervals for TB development associated with neutrophil-to-lymphocyte ratio (NL ratio). Hazard ratio of TB development with NL ratio adjusted for age, sex, ethnicity, year of registration, CD4 counts, ART, TST results, abnormal chest x-ray, and TB symptoms. The straight line shows the adjusted hazard ratio and the dashed line shows the 95% confidence intervals from the restricted cubic spline model. NL ratio was trancated at the 1st and 99th percentile (0.41 and 10, respectively). The median of NL ratio (1.65) was used as a reference. The gray straight line shows the threshold value (NL ratio = 2) [5, [32] [33] [34] . Current standard diagnosis using AFB staining and clinical manifestations, cannot always accurately detect active TB cases, especially in HIV-infected individuals with unordinary clinical manifestations and low AFB positivity. In our study, the high number of new cases within 1 year of TB screening suggested that a high number of patients were being misdiagnosed at the first TB screening. Rapid point of care diagnostic tools, such as the gene Xpert MTB/RIF assay or the urine TB-LAM urine antigen test, are reported to be useful for higher yield and sensitivity, compared to sputum smear microscopy at TB screening [35] [36] [37] [38] . However, the high cost of these methods may be prohibitive for use in daily clinical practice in resource-limited settings. After adjusting for the predictive factors of active TB (age, sex, ethnicity, TB symptoms, low CD4 counts, abnormal chest X-ray, and TST positive result), high NL ratio increased the risk of developing active TB in our study. If these individuals were targeted for early therapy, enhanced follow-up, or additional high-sensitivity diagnostic tests such as gene Xpert MTB/RIF assay, this could potentially reduce the development of TB and associated mortality. This study has several limitations. Firstly, TB screening and TB diagnosis were not performed using sensitive methods, such as a sputum culture test or the gene Xpert MTB/RIF assay, reflecting the practical limitations in Thailand during this study period (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) . Therefore, there may have been cases of missed diagnosis or over diagnosis both at TB screening and during the follow-up period. Moreover, non-tuberculosis mycobacteria infections or pneumonia might be misclassified as TB cases in this cohort of HIV-infected patients. Secondly, we could not include the timing of HIV diagnosis and the date of ART initiation, due to lack of such data. The timing of HIV testing and ART initiation might be associated with the timing of TB screening and incidence of active TB. Thirdly, we could not determine when patients became infected with TB (after or before the initial TB screening). Based on the high number of patients who developed TB within 6 months of the initial TB screening, we suspect that most of the new TB cases were infected with TB but could not be diagnosed with TB at the initial screening, as these cases were all sputum smear negative and diagnosed without high sensitivity diagnostic tools. We could not estimate the proportion of cases that were misdiagnosed at the initial TB screening. Finally, we did not consider other opportunistic infections that might have affected the neutrophil and lymphocyte counts. There is high possibility that some patients were co-infected with other infectious diseases. Therefore, an additional study excluding the effect of other infectious diseases is necessary to confirm this finding.
Conclusions
NL ratio was associated with active TB at initial TB screening, and predicted the risk of TB among HIV-infected individuals. NL ratio could improve the accuracy of TB screening and assist in earlier TB diagnosis. Furthermore, NL ratio could be used to identify patients who required further follow-up, even if they were negative at TB screening. Therefore, NL ratio could be a useful and cost-effective indicator for assessing the risk of TB among HIV-infected individuals especially in resource-limited settings. 
